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MEASURING THE BROADBAND BONUS IN THIRTY OECD COUNTRIES
The majority of households with residential Internet service among OECD countries now have broadband connections. How much new economic value has resulted from the global transition to broadband Internet? In this paper, we derive estimates to answer this question by considering both new gross domestic product (GDP) and new consumer surplus for 30 OECD countries between 2005 and 2011.
We have considered similar questions before. In Greenstein and McDevitt (2011a) , we estimated the economic value created by the diffusion of broadband from 1999 to 2006 in the United States. We observed USD 39 billion of total revenue in Internet access in 2006, with broadband accounting for USD 28 billion of this total. Depending on the specification, households generated USD 20 to USD 22 billion of the broadband revenue, but only USD 8.3 to USD 10.6 billion was additional revenue created. The switch from dial-up to broadband access was associated with USD 4.8 to USD 6.7 billion in consumer surplus, which is not measured via GDP. An Internet-access Consumer Price Index (CPI) would have had to decline by 1.6% to 2.2% per year for it to reflect this creation of value.
This research motivated questions about whether similar gains have occurred outside the United States. In Greenstein and McDevitt (2011b) , we analysed six additional countries: Canada, the United Kingdom, Spain, Mexico, Brazil and China. Each was chosen as a representative of a different geographic situation and stage of economic development. In general, we found that the scale of the broadband bonus in other countries is comparable to the size of their broadband economies. Countries with large Internet economies, such as the United States and China, are receiving large economic bonuses from their investments in broadband. Countries with smaller Internet economies, such as Canada, the United Kingdom and Spain, receive smaller bonuses, but bonuses in proportion to their scale of Internet use.
Relatedly, in Greenstein and McDevitt (2011c) we sought to understand whether declining prices drove the adoption of broadband Internet over the past decade, or whether hard-to-measure improvements in quality did. We found that, while real quality-adjusted broadband prices fell approximately 5% per year between 2004 and 2009 in the United States, this decline was relatively modest compared to other technology sectors that have experienced similarly high adoption rates. As a result, unmeasured consumer surplus appears to have spurred the transition to broadband, which conventional government statistics do not incorporate. This is consistent with recent research by Rosston, Savage and Waldman (2010) , which found increased willingness to pay for broadband among US households.
In this present report, we synthesize our previous three papers to examine the broadband bonus in 30 OECD countries. We will use similar techniques -especially those in Greenstein and McDevitt (2011b) to derive estimates for both GDP and new consumer surplus accruing in these countries between 2005 and 2011.
As in our prior work, we consider the revenue growth and new consumer surplus related to household broadband diffusion. In this report, we explain how the method and data were modified to accommodate all 30 OECD countries. Specifically, we will construct a "broadband bonus" for each nation using estimates of i) broadband revenue, ii) cannibalized dial-up revenue, and iii) broadband consumer surplus.
The diffusion of the Internet
Most households first accessed the Internet via dial-up connections. The diffusion of broadband came several years later and, for households in several developed economies, involved an upgrade of bandwidth.
During the main time period of our study, broadband service was delivered to households primarily in two forms of wire-line service-over cable or telephone lines. Countries differed significantly in the extent to which each delivery channel played a role. Cable broadband access involved a gradual upgrade to cable infrastructure in many cases. Broadband over telephone lines involved upgrades to telephone switches and lines to deliver Digital Subscriber Line (DSL) service. More recently, fiber to the home and mobile broadband have become more prevalent.
Broadband has many advantages over dial-up access. Broadband provides faster Internet service and, thus, access to better online applications. Broadband also may allow users to avoid paying for an additional phone line for supporting dial-up. In addition, broadband services are "always on."
Many factors shape the quality of a user's experience, such as the capacity/bandwidth of lines, the number of users in the neighbourhood on a cable system, the geographic location of a system in the national grid, the use of sites with geographically dispersed caching, and the time of day when the household performs most activities. In brief, generalizations are hard to make beyond the obvious: broadband gives the user a better experience than dial-up access.
In the earliest years of broadband diffusion, households simply switched from dial-up to broadband if they found the higher bandwidth worth the extra expense and the service was available to them. Cable and telecom operators needed to retrofit existing plants, which constrained availability in many places. In those years, the spread of broadband service was much slower and less evenly distributed than that of dial-up service. Highly populated areas were more profitable due to economies of scale and lower last-mile expenses. As wider deployment has removed these constraints, demand-side factors such as price, bandwidth, and reliability have played a more significant role in determining the margins between who adopts and who does not.
To provide a sense of where broadband has diffused, Figure 1 shows the subscribers per 100 inhabitants in many countries in 2009. A main pattern emerges: many OECD countries have substantial adoption of broadband, while others do not. This is not surprising since countries vary in economic wealth, and GDP per capita and broadband per capita have a simple correlation of 0.67. In the remainder of this paper, we will estimate the extent to which these countries have benefitted economically from this diffusion. 
Motivation and challenges
The economic determinants behind the growth of broadband are straightforward to state: dial-up became available first and diffused to households as a means to deliver the Internet. Broadband emerged later as a higher quality and more expensive alternative, albeit one available in only a few places and from a limited set of providers, if any. Over time, broadband became more reliable and more widely available, and as that happened, many households paid to upgrade their Internet service. The adoption of broadband motivated application developers to find ways to take advantage of faster throughput, and their success raised the value of the service to broadband users. A virtuous cycle resulted, with such improvements motivating even further adoption of broadband.
There are two common approaches to measuring gains from a new good. First, what is the increase in revenue (GDP) above and beyond what would have been generated had dial-up continued to be the only means to access the Internet? Second, what is the increase in consumer surplus beyond what would have occurred had dial-up continued to be the only means to access the Internet? When addressing these questions, traditional approaches do not worry about which vendor or user gains or losses. We will do the same, and will only compute an aggregate measure.
We focus on revenue instead of producer surplus because we are hampered by the lack of precise information about the unit cost of provision, which is necessary for an estimate of producer surplus at each point in time. Instead, we examine the difference in vendor revenue between what actually occurred and a hypothetical scenario without broadband, absent multiplier and general equilibrium effects.
To measure new consumer surplus, ideally we should measure the difference in "areas under the demand curves" between the actual demand for broadband and what consumers would have demanded had dial-up not been replaced by broadband. This is challenging to do for many reasons, but one is primary here: we cannot observe what the dial-up market would have looked like had broadband not diffused. Instead of measuring two demand curves, we get close to our ideal measure by looking at estimates of users' willingness to pay for the upgrade to broadband.
For estimates of new consumer surplus in the United States market, Greenstein and McDevitt (2011a) employed one set of estimates from Savage and Waldman (2004) . It is representative of the type of findings seen in other studies. These authors conducted an extensive survey of dial-up and broadband users in 2002. This study had advantages over other sources because it is a survey of both users and non-users. The authors also used this survey to directly estimate "willingness to pay" measures for attributes of dialup and broadband service, which facilitates some simple accounting of the value of broadband in comparison to dial-up for existing dial-up users.
While this is sufficient for United States data, it comes with three drawbacks for a cross-country comparison. First, it is very data-intensive. It requires yearly data on both broadband and dial-up use. Second, it does not fully account for heterogeneity in household willingness to pay. It averages out such differences. Third, to our knowledge there are only a limited number of similar estimates for demand in the United States, or, for that matter, other countries.
As such, we will implement an alternative method for estimating consumer surplus, as we did in Greenstein and McDevitt (2011b) . Applying the methods used in Greenstein and McDevitt (2011a) to a non-United States country would require data on the total number of households, number of Internet users, number of broadband users, and information relevant to the cost of adoption, such as the price of access or cost of second lines. In general, however, older data are difficult to obtain, particularly about the cost of dial-up and the cost of a second line to support it. Hence, our strategy will favour recent data over older data, and broadband data over all other data, consistent with the focus of this study.
Our strategy is the following. We derive a lower bound for a consumer's willingness to pay by assuming that anyone who adopts broadband in year t and pays the prevailing price, p t , would be willing to pay at least that much for broadband in later years. As prices decline-in both a real and nominal sensethis consumer is better off in later years. That is, he would be willing to pay pt for broadband in year t+1, but only has to pay p t+1 < p t . The difference, p t -p t+1 >0, is his new consumer surplus.
This forms the basis of a feasible measurement strategy within a country. As the real price falls, the demand for broadband rises. Over time, the declining price "traces" out the demand curve. With this approach, it is also possible to trace the change in consumer surplus in a country. This approach has two advantages. First, it is quite simple, and that has advantages for cross-country comparisons. Second, it can apply to any country in which the underlying premises of the model remain valid.
More concretely, this model assumes that a stable set of factors determines demand, and these same factors are not shifting the demand over time, which is reasonable over short periods. We also do not expect large year-to-year increases and decreases in broadband demand. Nonetheless, we are wary that the countries with rapidly growing incomes might depart from these assumptions if we tried to extend the study a few more years, so we remain alert for other issues.
This method has another characteristic, and we consider it to be another advantage. It will result in a conservative estimate. It ignores the gains to adoption for all early adopters, for example, because it assumes that adopters have no consumer surplus at the time of adoption-they are just indifferent between subscribing to broadband or not.
One crucial drawback, however, is that this method gives us no scope for incorporating improvements to broadband. For instance, someone who was willing to pay pt in year t for broadband speeds of 5MB/s would likely be willing to pay even more than p t in year t+1 for broadband speeds of, say, 10MB/s. One straightforward way to incorporate this detail is to apply a similar logic as above but to per-MB prices.
That is, if a subscriber was willing to pay USD 0.01/KB in 2005 but only has to pay USD 0.005/KB in 2010, the difference can be thought of as a quality-adjusted consumer surplus.
In practice, we are likely understating new consumer surplus. This approach is conservative in that it does not stress "indirect" benefits from broadband, a topic commonly discussed in policy debates. More concretely, though the diffusion of broadband clearly helps firms in the same country whose revenue depends on electronic commerce and advertising-supported online media, it is unclear how large such "spillovers" are. Also, more broadband may generate educational or civic benefits that lie beyond direct economic measurement. While the size of indirect benefits could differ substantially across countries, there is no practical way to measure their size in a way that allows for meaningful comparison across countries.
That circumscribes our interpretation. We measure the economic factors considered by parties involved in a transaction-anything that shapes the perceived or anticipated costs of using dial-up, the willingness to pay for an upgrade to broadband, and/or the decision not to return to dial-up.
For suppliers, these factors include: sale of second lines, revenue for dial-up access, and revenue for broadband access. For households, the following factors shape the anticipated value of broadband service and, hence, the willingness to pay for an upgrade: savings on a second line, savings on commute time, anticipated health and entertainment benefits, and anticipated savings on phone bill (e.g., if user moves to VoIP, or Voice-Over Internet Protocol).
Our understanding of these factors shapes our interpretation of the estimates, which do not include externalities, namely, benefits or costs not considered by the parties involved in the transaction. For example, our interpretation does not include externalities to suppliers, such as the benefits to Cisco from selling more Wi-Fi equipment to users, to Amazon from additional sales because broadband users experience more satisfying service, or to Google from more advertisement sales because users stay on-line longer.
Similarly, our interpretation does not include externalities to users. Those would be unanticipated or unperceived costs or gains-such as the unanticipated slowness that one neighbour's use imposes on another's in a cable architecture, or the benefits that one person's participation in a p2p (peer-to-peer) network confers on another (as long as there is no membership fee). That also does not include such externalities as changes to privacy (for good or ill) or crime (online identity theft, etc).
Finally, we must account for the revenue lost from cancelled dial-up subscriptions. Because the transition from dial-up to broadband access is nearly complete during this time period, we will say comparatively little about whether the revenue from broadband contracts has cannibalized dial-up revenue. At this point, that matter is relatively settled for OECD countries, as shown in Figure 2 . Instead, we will assume that all dial-up subscribers in 2001 represent cannibalized revenue in [2005] [2006] [2007] [2008] [2009] [2010] [2011] and that the net price of dial-up would be approximately 50% of the DSL price. This is a rough approximation, but captures the crux of the issue-while we are overstating cannibalized dial-up revenue in the sense that some households still access the Internet in this manner though we have assumed all users from 2001 have switched modes, we are understating it in the sense that many new Internet users would likely use dial-up service in a counterfactual world in which broadband had not diffused. On net, we feel our treatment is conservative on this point. Please see Greenstein and McDevitt (2011a) for a more thorough and precise treatment.
The broadband bonus in 30 OECD countries
Our primary goal is to compute something equivalent to the estimate of the broadband bonus found in Greenstein and McDevitt (2011a) . That is, we estimate consumer surplus and the net gain in producer revenue (broadband revenue minus lost dial-up revenue), expressed in a single currency for comparability. These estimates are in Tables 6 and 7 , and we will discuss them at the end of this section. However, to give readers an appreciation for the construction and robustness of these results, we present the several intermediate steps towards those final tables. An immediate question stands out: How could revenue decline in a nation like Australia that experienced 12.5% compound annual growth in subscribers? Declining prices provide the answer. The nominal price of a DSL subscription fell from USD 129 to USD 40 over this period, while the cable price fell from USD 75 to USD 60. Incorporating inflation only furthers the decline. While perhaps an incredible figure, based on OECD data, this is the result. Fortunately, it also highlights an advantageous feature of our approach: any mismeasurement of revenue will be offset, at least partially, by a corresponding change in new consumer surplus in the other direction. If the OECD-listed prices are lower than what consumers actually pay and we undercount revenue as a result, then consumer surplus will be higher in our calculations and the net effect for the broadband bonus will be essentially unchanged. Table 4 computes an estimate for new consumer surplus indexed to 2010 prices in USD. It is constructed with OECD's price estimates and accounts for users' willingness to pay by assumption. As stated earlier, a decline in real prices generates additional consumer surplus. Such declines are common in all these economies from the combination of general price inflation even with flat or no growth in nominal prices for broadband. 4 9 8 , 9 6 7 , 4 1 4 4 7 4 , 5 7 9 , 4 9 4 -1 3 . 7 % F i n l a n d 4 9 9 , 6 7 8 , 2 1 0 4 2 1 , 2 8 1 , 1 2 4 3 7 4 , 0 3 6 , 6 3 4 1 9 2 , 9 2 5 , 4 0 9 3 6 4 , 4 1 4 , 6 6 2 2 7 9 , 6 5 4 , 4 8 8 -1 1 . 0 % F r a n c e 2 , 0 6 0 , 1 0 1 , 5 9 4 1 , 7 7 2 , 1 0 6 , 0 8 9 1 , 9 1 3 , 5 5 8 , 8 9 7 1 , 9 9 8 , 0 3 8 , 6 4 8 1 , 6 1 5 , 2 6 4 , 6 4 0 1 , 5 1 7 , 0 9 3 , 6 9 2 -5 . 9 % G e r m a n y 3 , 6 8 5 , 9 9 5 , 3 2 0 3 , 6 3 2 , 1 0 1 , 4 9 7 3 , 1 8 0 , 1 3 5 , 9 0 8 4 , 6 5 1 , 2 8 0 , 4 7 2 4 , 3 7 6 , 4 5 4 , 0 3 6 4 , 1 2 7 , 0 5 6 , 8 2 3 2 . 3 % G r e e c e 1 0 1 , 2 2 2 , 5 6 1 8 4 , 9 6 9 , 6 1 4 6 8 , 2 7 0 , 0 3 1 5 4 , 0 0 3 , 0 8 8 5 0 , 3 9 3 , 1 2 3 4 7 , 4 4 9 , 0 3 5 -1 4 . 1 % H u n g a r y 2 5 4 , 5 0 3 , 2 3 0 1 6 3 , 3 2 3 , 7 6 2 7 6 , 6 6 5 , 0 6 4 4 4 , 6 0 4 , 5 1 6 5 6 , 1 1 6 , 2 8 0 5 8 , 4 6 0 , 5 7 6 -2 5 . 5 % I c e l a n d 3 8 , 6 5 1 , 6 3 1 3 3 , 6 3 5 , 1 6 5 3 5 , 0 7 6 , 5 9 9 2 3 , 4 3 6 , 0 0 5 1 0 , 5 7 7 , 1 4 1 7 , 0 3 6 , 0 3 2 -2 8 . 9 % I r e l a n d 2 6 2 , 8 9 4 , 5 1 4 1 3 9 , 3 0 4 , 3 2 2 1 9 4 , 0 2 7 , 8 2 7 1 5 0 , 1 2 2 , 6 8 1 1 4 9 , 0 2 6 , 1 2 9 1 4 2 , 8 9 5 , 4 5 1 -1 1 . 5 % I t a l y 2 , 6 1 1 , 8 2 6 , 5 5 4 2 , 2 5 6 , 0 9 8 , 0 1 2 2 , 4 2 8 , 0 0 9 , 9 5 7 1 , 7 0 3 , 0 1 7 , 6 1 1 1 , 5 9 6 , 0 3 9 , 9 1 2 1 , 4 9 9 , 0 9 8 , 2 6 2 -1 0 . 5 % J a p a n 4 , 4 5 7 , 3 6 9 , 5 5 4 3 , 7 4 5 , 9 5 7 , 7 7 4 2 , 9 9 8 , 9 9 5 , 5 9 9 3 , 7 4 4 , 7 0 2 , 6 3 2 4 , 5 3 1 , 7 5 5 , 9 7 2 4 , 3 0 9 , 2 6 1 , 0 7 1 -0 . 7 % K o r e a 1 5 2 , 5 2 3 , 4 8 5 1 6 0 , 0 7 6 , 9 5 3 1 6 0 , 3 9 4 , 3 4 1 1 2 2 , 7 4 4 , 8 4 1 1 0 3 , 0 2 3 , 1 8 8 1 0 4 , 7 9 8 , 2 0 5 -7 . 2 % L u x e m b o u r g 5 9 , 6 1 0 , 1 1 5 5 0 , 6 8 3 , 7 7 1 5 4 , 2 8 7 , 9 9 8 5 6 , 3 6 3 , 2 6 2 5 3 , 0 3 5 , 8 3 4 4 9 , 4 5 0 , 2 2 2 -3 . 7 % M e x i c o 7 9 4 , 5 5 9 , 2 3 0 5 1 3 , 7 3 5 , 3 7 8 4 8 9 , 8 9 2 , 2 3 2 6 8 7 , 0 2 6 , 5 8 5 3 4 9 , 0 7 4 , 9 3 6 3 5 8 , 4 4 2 , 1 2 2 -1 4 . 7 % N e t h e r l a n d s 3 , 2 0 9 , 3 1 6 , 8 6 2 2 , 1 1 4 , 1 4 5 , 0 4 0 2 , 2 8 2 , 3 4 9 , 2 4 2 2 , 3 9 0 , 7 2 2 , 5 2 8 2 , 2 3 1 , 3 5 3 , 6 2 1 2 , 1 0 0 , 9 9 6 , 5 4 1 -8 . 1 % N e w Z e a l a n d 2 0 9 , 3 8 2 , 5 3 1 1 0 6 , 6 7 4 , 8 2 2 2 0 6 , 5 9 3 , 1 4 7 2 1 7 , 5 3 8 , 1 1 8 1 6 5 , 4 1 7 , 1 9 3 1 8 6 , 4 4 8 , 9 4 4 -2 . 3 % N o r w a y 6 7 0 , 4 5 2 , 5 2 0 5 9 8 , 2 9 0 , 3 0 8 6 4 9 , 7 0 7 , 4 8 7 6 5 0 , 5 4 9 , 9 2 9 5 1 3 , 7 4 1 , 7 9 3 5 2 2 , 0 8 0 , 8 6 5 -4 . 9 % P o l a n d 7 3 2 , 2 8 4 , 0 5 2 4 0 4 , 1 9 9 , 9 3 3 4 4 1 , 5 8 9 , 6 0 7 3 4 0 , 4 5 6 , 6 0 8 2 8 8 , 2 3 1 , 4 2 3 2 3 4 , 2 9 2 , 1 0 3 -2 0 . 4 % P o r t u g a l 1 , 6 4 6 , 9 4 7 , 9 3 4 1 , 3 1 8 , 1 2 5 , 7 9 6 1 , 0 1 3 , 4 5 8 , 5 0 8 1 , 0 5 1 , 8 0 2 , 3 6 3 7 0 9 , 4 8 9 , 5 9 2 6 6 7 , 3 1 0 , 1 3 7 -1 6 . 5 % S l o v a k R e p u b l i c 1 , 1 4 5 , 8 2 3 5 7 7 , 2 4 1 2 1 0 , 2 2 1 3 7 2 , 0 3 3 2 7 3 , 6 4 8 2 5 2 , 4 0 1 -2 6 . 1 % S p a i n 1 , 0 5 3 , 8 9 1 , 0 2 4 1 , 0 1 8 , 0 9 9 , 3 0 5 1 , 0 8 5 , 4 8 0 , 3 2 1 8 5 6 , 8 7 0 , 4 1 4 8 1 1 , 6 0 3 , 8 6 6 7 6 0 , 2 5 2 , 1 2 1 -6 . 3 % S w e d e n 8 5 8 , 4 8 5 , 1 3 3 8 1 6 , 3 7 2 , 5 0 3 8 2 8 , 2 5 0 , 5 7 1 7 7 8 , 0 4 0 , 3 8 9 6 7 3 , 5 6 3 , 9 9 4 6 7 7 , 7 0 3 , 0 1 0 -4 . 6 % S w i t z e r l a n d 9 4 9 , 5 8 0 , 6 8 2 6 5 4 , 8 9 0 , 3 6 4 4 8 0 , 9 2 2 , 8 2 9 5 2 1 , 7 0 1 , 9 3 3 5 1 9 , 4 1 1 , 3 2 7 5 3 9 , 2 6 2 , 0 3 5 -1 0 . 7 % T u r k e y 0 0 0 0 0 0 0 . 0 % U n i t e d K i n g d o m 4 , 1 3 5 , 4 0 0 , 1 5 0 4 , 4 4 5 , 3 4 1 , 7 0 9 4 , 3 4 4 , 3 7 5 , 4 2 8 3 , 8 8 2 , 2 8 3 , 5 6 3 3 , 1 3 8 , 2 2 3 , 4 5 1 3 , 0 6 8 , 4 2 8 , 0 7 5 -5 . 8 % U n i t e d S t a t e s 1 6 , 0 3 7 , 4 6 9 , 9 1 5 1 0 , 4 9 6 , 1 2 3 , 1 1 9 1 0 , 2 0 5 , 0 0 7 , 6 2 2 1 1 , 7 9 7 , 9 7 3 , 5 0 9 1 1 , 8 4 0 , 0 7 0 , 4 4 1 1 3 , 5 9 0 , 5 2 5 , 0 6 0 -3 . 3 % Surplus grows over time in most cases, but the movement in prices from 2006 shapes the growth rate at any particular point. For example, new consumer surplus increased fairly little in the United States since real broadband prices changed little as well. Other countries, like Austria and Belgium, have experienced remarkable gains in new consumer surplus. Table 5 considers an alternative formulation of new consumer surplus measured in willingness to pay for download speeds. As discussed above, this partly adjusts for improvements to broadband quality over time. That is, some countries have experienced rapid improvements in broadband quality over this time period, and Table 4 may be severely understating their gains in consumer surplus. As expected, many countries have higher additional consumer surplus in quality-adjusted terms, and all have experienced a net gain between 2006 and 2010. Some countries, such as the Netherlands, do remarkably well. This is not surprising given the evolution of broadband in the Netherlands. The typical DSL subscriber there paid USD 75 in 2005 for a download speed of 8 MB/s. In 2010, that same consumer paid USD 50 for 40 MB/s -a 33% price decline combined with a fivefold quality improvement. We hasten to note, however, that advertised download speeds may differ from those actually attainable, so these figures may be overstating quality improvements. Table 6 provides the first set of main results, a broadband bonus estimate that takes broadband revenue less cannibalized dial-up revenue plus new consumer surplus in 2010 USD. Table 7 presents the broadband bonus in quality-adjusted terms. Here, the mapping between each nation's GDP and broadband economy becomes less mechanical-the simple correlation is 0.61 rather than 0.98 for Table 6 . The countries that have experienced rapid improvements in quality with declining prices, such as the Netherlands, once again stand out. Table 8 provides a global total for the broadband bonus in both general and quality-adjusted terms. The sum across the 30 OECD countries is large and growing. Currently, the bonus stands at USD 156.7 billion when not adjusted for quality and at USD 548.3 billion when factoring in quality improvements. In addition, the growth rate for the quality-adjusted broadband bonus is nearly four times as large. This reflects the simultaneous change in quality and price currently underway across the OECD. Table 9 presents the ratio of the quality-adjusted bonus to non-quality-adjusted for each nation. These calculations provide a sense of the countries for which not adjusting for quality improvements will lead to grossly understated estimates. Here, the Netherlands and Slovak Republic stand out. Simpler measures of consumer surplus miss a large portion of the economic value created by broadband in these countries, mostly because broadband quality has improved while prices have declined. Table 10 provides the ratio of new consumer surplus to broadband revenue. These calculations allow us to understand how much simple GDP figures understate the economic value generated by broadband. In the United States, for example, new consumer surplus represents more than one fifth of broadband revenue in 2010. In other countries, such as Hungary, consumer surplus constitutes even more of the economic value generated by broadband, as consumer surplus dwarfs revenue there-consumers would be willing to pay much more for broadband access than they currently do. In quality-adjusted terms, these effects become even more pronounced, for the most part, as shown in Table 11 . Table 13 looks at the per capita broadband bonus in quality-adjusted terms. By this measure, the Netherlands, Luxembourg, Switzerland, and the Czech Republic have done remarkably well over the past half decade. To examine whether per capita figures mechanically provide higher bonuses to those countries with higher broadband adoption rates, Tables 14 and 15 consider estimates similar to Tables 12 and 13 but in per subscriber terms. Not surprisingly, the per-subscriber numbers are larger because no nation has full adoption. The rankings between Tables 12 and 14 do change somewhat. For instance, in 2010 the Czech Republic has a much larger per-subscriber bonus than a per-capita one, mainly because the number of broadband subscribers declined as a proportion of its population. Similar findings hold for a comparison of quality-adjusted bonuses in per-subscriber relative to per-capita terms. By quality-adjusted measures, shown in Table 17 , the Netherlands, Hungary, and Czech Republic, are receiving large benefits from broadband as a proportion of their overall economies. 
Conclusions and future developments
This research was motivated by two seemingly simple questions addressed in Greenstein and McDevitt (2011a) . What consumer surplus and revenue growth was affiliated with broadband's diffusion in the 30 OECD countries? These questions drew our interest because the economic gains from this new technology were not otherwise readily visible.
In general, our findings support the view that motivated our investigation at the outset. The scale of the broadband bonus in other countries is comparable to the size of the broadband economies in those countries. Countries with large Internet economies, such as the United States, Japan, and Germany, are receiving large economic bonuses from investment in broadband. Countries with smaller Internet economies receive smaller levels of bonuses, but bonuses in proportion to their scale of Internet use.
The results in quality-adjusted terms are intriguing. Many countries do well because they simultaneously experience large improvements in broadband quality and declining real prices. The Netherlands exemplifies this point.
More broadly, we have focused the spotlight on the gains from the diffusion of one technology across several countries. This is clearly part of a broader world-wide trend. We conjecture that detailed analyses of many developing countries would yield similar findings.
There is also nothing about our approach that is unique to broadband. A similar approach could be used for a widely diffusing access technology. In that light, we look forward to another similar process, reborn with another technology and product. Eventually, we may be able to trace the gains from deployment of mobile broadband access. It will be tempting to perform a measurement similar to those found in this paper. It might even be possible. It is very clear that 3G use has begun to grow around the world. Most of this growth occurred in the last two years. In many countries 4G is poised to diffuse.
At this time, however, several issues make it difficult to infer much from a few years experience. First, mobile devices have taken a considerable time to reach a stable market structure, which makes it difficult to define the key features needed for measurement -both price and quantity. Second, it is quite difficult to characterise the earliest experiences in this market as movement down a demand curve, as our present framework interprets all such movements-such a framework applies most readily to a setting that has clearly moved beyond its early adopters, the set of intrepid users with enthusiasm for technology. Third, as of this writing it is unclear whether the majority of users treat their smart phones as substitutes to their home broadband use.
In addition, conducting a similar type of analysis from this paper in emerging markets may require incorporating mobile broadband. Because mobile has leap-frogged fixed broadband in many emerging economies, mobile broadband may be the first broadband experience for many people. In this sense, not only is it unclear whether mobile broadband substitutes or complements fixed broadband, but the extent of substitutability could vary substantially by country according each country's stage of infrastructure development. This portends numerous challenges for extending the results from this report to the next generation of mobile broadband.
